Four different numerical approaches to calculate strains and stresses in the contact zone are investigated. The examination is performed considering as example the transition process of a wheel passing a crossing. A dynamic, a quasi-static, a static and a Hertzian model are available. The four elasto-plastic models for rolling contact are evaluated and the results are compared.
INTRODUCTION
Numerical models to calculate strains and stresses emerging from rolling contact loads are of great value. Investigations on damage and wear of structures very often need these stresses and strains as input data. The objective of the following study is to find a numerical model which is suitable to deliver the required input data.
Increasing computational power together with efficient numerical programs allow for simulations which are closer to realistic modeling than ever before. Nevertheless, detailed simulations are still computationally very excessive. A comprehensive model will describe the physical process better than a model with restrictions. But provided that restricted models deliver accurate stresses and strains, a lot of time and computational costs may be saved.
In this study finite element calculations for four different models are carried out and compared. These are a dynamic, a quasi-static, a static and a model with a moving Hertzian contact pressure distribution (Hertzian model). The work presented is performed using the process of a railway-wheel passing a crossing as an example for rolling contact. In addition to the forces emerging from straight rolling, an impact occurs during the transition process of the wheel from the wing rail to the crossing nose in consequence of a change in the inclination of the rolling planes. This causes additional contributions to the static loading of the wheel and the rail.
FINITE ELEMENT MODELS
The crossing in a turnout is a quite complex component whose detailed three-dimensional modeling would be very demanding. In using a simplification taken from [1] for the wing rail and the crossing nose, producing the same impact when the wheel is passing over it, modeling and computation time may be saved. A straight rail with the cross-section of the crossing nose at the point where the wheel just has left the wing rail and entirely rolls on the crossing nose is used. After 1000 mm this straight rail is inclined by an angle which represents the change in the inclination of the rolling planes. The arising impact is equal to the product out of the mass of the wheel, the rolling velocity of the wheel and the inclination angle.
Specifications for the wheel are a rolling velocity of 75 km/h, a mass of 1025 kg, a radius of 500 mm and a total loading of 80 kN (including mass). A crossing inclination angle of 0.006 rad is accounted for. Standard elastic material data are used for the wheel whereas for the crossing elastic-plastic material behavior is considered.
All four models are based on the dynamic model which is the starting point of the investigation. Only in the dynamic model the forces and moments of inertia can be taken into account, and the full dynamic response of the wheel is received. Since, therefore, the whole wheel and a big part of the rail have to be modeled, it is computationally very excessive. The rail is 2000 mm long. Altogether, the model consists of 110000 elements with an element edge length of 3 mm in the contact area. This is not fine enough for damage and wear investigations, but still possible in a reasonable calculation time.
Calculations on a small wheel-rail section can be carried out using a quasi-static model which is a sub-model of the dynamic model. A section of 80 mm in length and 25 (wheel) to 35 (rail) mm in depth of the contact location is extracted from the three-dimensional configuration. The wheel part is rolled off along the rail over a length of 20 mm of its circumference. So a fine mesh with an element edge length of 0.6 mm in the contact zone is possible having a suitable number of 20000 elements. The wheel is rolling as well, but as inertia is not included in the sub-model, the dynamic response of the system has to be transferred on this model from the dynamic one. The dynamic vertical load and the translational and rotational velocities are calculated from the dynamic model and are applied in the centre of the wheel section together with the static load.
The third approach is a static one with the geometry being the same as in the quasi-static model, but the wheel is loaded only by the static and dynamic vertical force. This simulates a stamping process and decreases the calculation time but neglects the rolling motion.
To save calculation time a fourth model is developed using a Hertzian contact pressure distribution [2] which is moved along the rail. A disadvantage of this model is that it does not meet the actual contact configuration. The necessary contact position and the semi axes of the contact patch stem from the quasi-static model, and the vertical force is identical to the reaction force of the dynamic model. Providing the same mesh refinement as the quasi-static and the static model, it consists of only 7000 elements.
For the dynamic calculations ABAQUS/Explicit and for the other three approaches ABAQUS/Standard (www.abaqus.com) is used.
RESULTS AND DISCUSSION
Surveying the maximum values of relevant stresses and strains, which can be found in Table 1 , it turns out that the dynamic model is yielding the lowest values. This is known as a consequence of the coarser meshing. Compared to the quasi-static approach the static one delivers lower stress values, however those from the Hertzian model are higher, see Table 1 . As an example the stresses in 2-direction (normal to the surface in the initial contact point) are plotted in Fig. 1 . The displayed section has a length of about 40 mm and is cut out of the top of the crossing nose at the time of the maximum impact. The cutting planes in 1-and 3-directions meet at the centre of the contact patch. Only the stresses corresponding to one fourth of the contact patch can be seen. For the Hertzian model the contact patch is exactly elliptical according to the Hertz theory. The length of the contact patches differ for the quasi-static and the static model. In both models the width remains constant in longitudinal direction for several millimeters, which is not the case in the Hertzian model. For the dynamic model the geometry of the contact patch resembles mostly that of the quasi-static one. A further interesting observation is made relating the Mises stress. Considering the location of its maxima, it is found that for the Hertzian model the maximum is lying about 2 -3 mm beneath the centre of the contact patch. For the quasi-static and the static model it is shifted to the side of the centre of the contact patch. Supposing for the dynamic model the same meshes like in the other three models, the CPU time is estimated to be approximately 500 times.
CONCLUSION
Principally the dynamic model is the best approach to calculate stresses and strains in railway applications, since all inertia forces as well as the whole wheel are included. Due to the fact that there are always some kinds of excitation present during a wheel rolling on a rail, e.g. from surface irregularities or from the changing number of wheel-rail contact points in turnouts, a dynamic model is absolutely essential. However, because of its computational efforts, this model is not suitable for parameter studies or cyclic calculations. To allow a better comparison to the non-dynamic models, a dynamic model with the same fine mesh as those will be run.
Combining real contact and rolling with dynamic loading, the quasi-static approach turns out to be an appropriate and computational effective choice.
More computation time is saved by setting aside the rolling motion by just attaching the wheel on the rail with the adequate dynamic force. Therefore lower stresses and strains have to be accepted.
The Hertzian contact model is the least time consuming way to receive the state of stresses and stains in the wheel-rail contact region. On the other hand using this method the exact contact patch geometry is neglected and the locations of stresses and strains are not very accurate. Furthermore the values of the stresses and strains are overestimated.
